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DOWMIOLE EQUIPMENT, TOOLS AM) 
ASSEMBLY PROCEDLRES FOR THE 
DRILLIKG, TIE-IN AND COMPLETION OF 
VERTICAL CASED OIL WELLS 
CONN-ECTED TO LIN-ER-EQUIPPED 5 
MLXTIPLE DRAESHOLES 

FIELD OF THE IN-VExNTION 

Horizontal weUs have been used extensively in heteroge- 
neous reservoirs to intersect fractures and/or to reduce the 
deirimental effects of gas coning and water coning. It has 
been shown that such wells are capable of higher oii 
production rates than vertical wells drilled in the same 
reservoir. In most cases, the higher productivity more than ^5 
offsets the higher cost of drilling and completion of the 
horizontal well. Theory predicts that the use of multiple 
horizontal drainhoies coiresportdiiigly multiplies the total 
well productivity. Indeed many vertical cased wells con- 
nected to twin or multiple horizontal drainhoies of medium ^Q 
(500-200 ft) and short (15CM0 ft) radius of curvarurs have 
been successfully used in compact oil reservoirs, such as the 
Ausrin ChaBc, in which open hole completion of the drain- 
holes is applicabie. 

In many clastic reservoirs, however, the strength of 25 
unconsolidated sands or of friable sandstones may be insuf- 
ficient to keep horizontal drainhoies open. In such a case, the 
horizontal and deviated parts of each drainhoie must be kept 
open with a tubular liner which is tied to the vertical casing 
using conventional equipment and knovr-n assembly proce- 30 
durss. This has been done in many different clastic reser- 
voirs, containing light or heavy oil, for horizontal weUs 
consisting of a single liner-equipped drainhoie. 

A patented U.S. Pat. No. 4,787,465 drilling and comple- 
tion technique for multiple drainhoies of ultra-short (ca. 10 35 
ft) radius of curvamre has also been used in such sandy 
reservoirs, but the Hncrs of the short multiple drainhoies are 
not tied-in to the vertical casing and their inner diameter and 
curvamre radius arc too small to allow the use of conven- 
tional logging and cleaning tools. *^ 

SUMMARY OF THE INYENnON 

The present invention addresses the problem of drilling, 
cementation and tie-in by pressure-tight connections to a 45 
casing of twin or m.uitipie drainhoies of medium to short 
radius of curvamre (typically 500 ft to 40 ft) equipped with 
liners of sufScisnt diameter to allow the passage of available 
well logging, peribrating, cementing and cleaning tools, for 
subsequent well maintenance and repairs. jq 

The next step is to provide the means to bring up the 
reservoir fluids and/or to inject fluids from the surface into 
the reservoir through the drainhoie liners. Depending upon 
the mode of cxpi citation of the well and field conditions, a 
gt^t variety of tubing completion assembhes may be used 55 
for these purposes. The simplest, which allows only com- 
mingled flow from or into all drainhoies simultaneously, 
does not even requires any additional equipment if verticai 
flow is through the casing, but it provides mirimum opera- 
tional flexibility and no safety controls. For these reasons, 60 
additional equipment (at least a properly sized production 
tubing or a kill string for safety, for instance, and often a 
hanger or a packer) will be used in the field. Ttie tubing 
completion assembly which provides the greatest opera- 
tional flexibility and safety is that which provides a direct 65 
cormection of each drainhoie separately to a tubiag, thus 
leaving the casing/mbing aimuius available for other uses. 
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Tnis is ±c Dr-pe of rjbir.g compledon as^smoiy w2::h is 
irxludcd b 'iis presect mveriiioa. Ic also pro^"ics5 ±c :zt2r.s 
of iinplemecdrtg in ihis type of he:erogeaeoi:s rcsarroLrs ±c 
heav-y oil recover/ process ar:d the ir:jected s::ia:ii qualirr' 
C035^t 22oa proc=S5 descnbedrsspecdvely in U.S. ?aL Nc. 
^.706.751 ar.d U.S. Pal. No. 5,085^75 using sori^ of ±z 
equipnieni descrfoed in U.S. Pat. No. 5,052,4S1 T^e prtsec: 
inveiidon, howsvcx, d-oes noc preclude -J^c use of 3iiead> 
knovvn simpler coinpledor. designs, v.-her.ever ihey are sii:- 
ndec: for the apphcanon couiidsred. Knowa element of 
dovri±oIe eqmptrx3t (valve nipple joints, saiery joL"o, 
retrievable piugs. eic , . ) may also be added, zs needed, lo 
iht novel oibing cozipietion assembly co pcnona specific 
addiuonal tasjcs. 

Some of iht reserr'Oirs under cotzsideradoa, especiaUy 
those coctaining hea\7 oil, require ardacial lift to bring the 
producdon sceani :o the sunace. The presen-. invendon 
includes cquipmenc providing the means of pumping pro- 
duced nuids and of injecting steam and/or other gases ia 
such wells equipped with multiple dxainholes completed 
with liners. Sand production being frequent in such neser- 
voirs, the drainholes may be gravel packed or equipped whch 
screens or subjected to known sand coasolidanou tech- 
niques. 

The desired well and drainholes conSguration naay be 
obtained either whth entirely new wells or by rc-cnny into an 
cxisdrig verucai cased well, in which ease the reciiired 
equipment and procedures are somewhat diS'crenl 

In all cases i: is intended to obtain Icai-proof connecdons 
between the drainhole hncrs and the vcrdcal caiing and 
between the drainhole liners and the tubungs used r.ther for 
production, injecnon and pumping. Tnc desirability of a 
system which can. be installed ia as few steps as possfole and 
which can easily be disassembled dunng future work-over 
operations has led to develop dowmhole ccmpmcnt and 
procedures, which confonn with proven oil neld safety 
practices. 

Due to the complex naonre of oil rescr^'ou-s. especially 
those made-up of clastic rodcs deposited in agitated water 
(Tlu\-io- Deltaic eavj^rmient, turbidiie currents or sbore 
scdunentanon) or those resulung from eolien transpon 
(Dunes), the presence of various sediment heterogeneities 
and fracrjres! together with other reservoir engineering 
considerations regarding water/oil and gas/od contacts loca- 
tions, reservoir fiuid pressure and solution GOR of the 
produced oil, will dictate various well and diamhole con- 
ngurations. 

Although the most trequendy appUcable is that of twin 
drainholes with their respccnvc horizontal sections oriented 
at I SO degrees from each other, Lhe equipment, tools and 
proccdnres which will be dcscnbed are noc restricted to that 


single coanguration. It will become apparent to those skilled 
in the ar^ ma: similar equipment and procedures may be 
adapted to all other multiple drainhole conngunadons with- 
out deparung ron the spin: of this invention. 

Ranked in increasing degrees of compte:^ity. the cases of 
drilling, tie-Ln and completion of new wells include: 

1) side by side draimholes kicked -of: from me bottom of 
a verical cased well, using a twin wmpstock, 

2) side by side diairiioles corciected by mttnnediate 
liners to the bonom of a vemcal well, 

3) side by side dramholes obtained from a deviated cased 
well, 

^) stacked drainholes kicked- or one above the other from, 
a new verncal cased well. Two difcrmt tie-in mediods and 


equipment types will be described, one us:z% telescopic liner 
stubs and teiescopic connector mbes to ile-in and complete 
the well, the oLher using intermediate cemented liners and 
articulated connector tubes. 

5) use of a single pump for both draioholes, located above ^ 
the kick-ofi" points, 

6) conveyance of low GOR production streams from each 
drainhole through a syphon to a single pump located near the 
base of an oil sum.p well below the kick-off points, 

7) pumping of each draiohoTe with a pump located at or 
near the stan of the horizontal segment, 

S) simultaneous injection of steam and'or gases into one 
drainhole while producing oil and water from the other 
drainhole, as taught in iq U.S. Pat. Nos. 4J06J51 and in ^5 
application No. 512,317, now U,S. Pat. No. 5,085,275. 

For re-entry into an existing vertical cased well, modined 
equipment and procedures vnJl be described, corresponding 
to cases similar to cases 1, 2, 4, 6, 7 and 8 above. 
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BRIEF DESCRIFnON OF DRA\VIKGS 

FIG. 1 is a verdcal cross section of the special casing joint 
with Orvin whipstocks used in Case 1. 

FIG. la is a perspective drawing showing the base of the 25 
retrievable top whipstock of Case 1. 

FIG. lb is a verdcai cross section showing the dminhole 
tie-in to the casing. 

FIG. Ic is a verdcai cross section showing the mbing 
compledon. 30 

FIG. lid IS a vertical cross section of an overshot-type tool 
used in case 1. 

FIG. 2 and 2a are vertical cross sections showing sche- 
matically the successive phases of the operations required in , 
Case 2. 

FIG. lb is a verdcai cross secdon of the spherical seal 
union jomt used in Case 2 and in subsequent cases. 

FIG. 2c is a schematic vertical cross section of a hydrau- 
licaliy operated tool for punching multiple slots into ihin 40 
gauge liners, 

RG. 2d is a. schem.atic vertical cross section of the tubing 
completion assembly used Id. Case 2. 

FIG. 3 is a verical cross section of a special casing joiat 
equipped v-ith a driliable packer and retrievable whipstock 
for drilling and comniedon of the side-tracked hole of Case 
3. 

FIG. 3a is a vertical cross secdon of an intennediate luier. 

FIG. 3c? is a vertical cross secdon of Lae devia'^d cased 59 
well and side-tracked hole of Case 3. 

FIG, 3c is a vertical cross-section of the over3hot-t>-pe 
tool used in Case 3. 

FIG. 4 is a vertical cross section shovring the special 
casing joint with its stub extended and cemented in the ^5 
reamed cavity of Case 4. 

FIG. 4a is a verdcai cross secdon showing connecuon to 
the stubs by means 0: ardculaied connector mbes. 

FIG, 4b is a schemadc flow diagram showing die con- 
nection to the smbs by means ox telescopic connector mbes. 

FIG. 4c and 4d are vertical cross sections showing tele- 
scopic connector mbes respectively in the retracted and in 
the extended posidop-s. 

FIG. 4e is a schematic vertical cross section showing the 65 
tubing compledon assembly for two pairs of stacked drain- 
holes in Case 4. 
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FIG. 5c Sb and Sc zrz schsmaiic vsnical cross sections cf 
a well and n^in crEfzholes, showiiig diEsrszt possfole pump 
locations. 

FIG- 6 is a schsnsnc v^n:c^i cross sscnon of a weil and 
■5 [WO drainholes, shov.-ing the vsr^ous uuid ievels in the 
rsservoix. 

FIG. 6a is a schematic diagram showing ihs op^nou of 
ihe periodic gas purging system. 
,Q FIG. ^6 is z cross secnon of the permsslscdvc plug and 
vecturi used for continuous gas purging. 

FIG. 7 is a vertical cross section of the tubing completion 
assembiy iised for dual pumps ia Cass 7. 

HG. 8 and Sc are vsrtical cross sscuons of the oibing 
15 compictioQ assembly used for Case 8, with the well tie-in 
conngijiaiioi! of Case 1. 

F[G. 9 and 9a are vertical cross sectioas of the special 
casing insen of Case la and 3a respectively. 

FIG. 10 is a vertical cross section of the special casing 
patch with telescopic scabs used in Case 4a. 

FIG. 11 is a schcmaiic vcnicai aoss section of the novel 
casing parch used for side-craddng and cementing inienne- 
6aie liners in case (second cmbodinient). 

25 FIG. 12 is a scfaemadc verrical cross section of the njoing 
completion assembly including two artiajJaxed connector 
rubes for Case %a when an oil sump is used. 

FIG. 13 is a schematic vertical cross section of upper 
pan of the rjbing compIctioQ assembly for "huf" and pufi" 

30 s:cam injection of Cases 8 or when dual pumps and a 4 
soring hanger are used 

DET.AILED DESCRIPTION Or TOE 
INVENTION 
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CASH 1 (TVm VrTHPSTOCK) 

In Case L a verJcni well is dnlJs:^ to a depth sh%zrdy 
greater than thai of die cominon kick-off dcpdi of the 

40 dramholes. The casing string is made-up by including a 
special joint inimcdiairly abov- the conventional casing 
shoe and float collar. This casing joLnt shown on FIG. 1 
u:dudes two clhptical windows (1) machined at the desired 
kick-o:ff angle, typically about 2 degrres oriented downward 

45 from the verdcai. 

Tnese window-s are plugged up with a driliabic material 
(an Ainminum plate (2), for ins'^xe) machined to conform 
with the cylindrical surfaces of the casing. A twin whips tocx 
(3), of hardened metal, is scmrely fastened to Lbc casing 

50 joint, for instance by wr:lding. It provides a curved guiding 
path from a guide plate above to each of the two plugged 
windows. For added strength, a pordon of that curved giiide 
may be partly filled with cement (4) or other driUable 
m.ateriaJ. The guide plate (5), on top of Lhe whips tock, 

55 presents four vertical c>dindrical holes, two of them (6) of a 
diameter larger than that of ihe diainhoies and two of Lhem 
smaller One of Lne smaller holes (7) in the guide plate (5) 
is threaded and extends to the whipstock base, to provide a 
now paih to the fioa: collar and shoe below iL Duiing 

60 cementing operations, the work string will be stabbed into 
the threaded connection to inject the cement slurry into the 
fiozi collar and shoe and from there into the annular space 
behhid Lhs casing. Tne other small cyHndrical hole has a 
smooth bore. Its ninction is to receive one of the alignment 

65 pins (S) used to posidons and latch a retrievable whipstock 
top which provides a continuation of the guiding path from 
one of ihe two large holes to me casing side. Tne combi- 
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nation of the peima^snt twir. whips took Vrith its retnevable 
top provides a guide to the dminholc drilling bit through the 
machined window. A perspective view of the retrievable top 
whipstock showing its two alignment pins (S) is presented 
on FIG. 1^ 5 

When the first drainhole has been drilled to its total 
measured depth, the same whipstock (top and bottom parts) 
guides the liner into the drainhole. The liner, ia the hori- 
zontal part, may be a slotted liner equipped with screens for 
gravel packing or it may be cemented and later selectively ^0 
perforated. In all cases, however, the curved part of the liner 
is cemented using known procedures. The tail end of the 
liner is centered and hang into the open large verticai hole 
in the bottom wiiipstock (FIG. lb), by means of a known 
hydraulicaUy-sec hanger (9) equipped with dual sets of slips 
and pressure-setting seals. It is terminated by the female par: 
of a polished bore receptacle (10), which connects the iiner 
to the work string used to run-in and cement the Hncr. When 
the cement has set, the work string is discoimected, a recess 
in the top whipstock is latched into hooks in an overshot -0 
tool, pulled up and rotated by 180 degrees for presentation 
and insertion of the tvi'o aHgnmcnt pins (or prongs) resnec- 
tiveiy into each alternate small hole in the pennanent 
whipstock. The overshot tool is then released and pulled oat. 

Drilling of the cement and plug in the second window 
now begins the drilling and liner cementing operations for 
the second drainhole, using the same procedures. With the 
Hner hung and sealed in the second large vertical hole in the 
permanent whipstock, the work string is disconnected from 
the second polished bort receptacle. The top whipstock is 
latched with an overshot tool and pulled out of the well. This 
completes the drainholes drilling and tie-in operations. 

Completion of the well (see FIG. Ic) is achieved by 
making up and ruimiag-in a tubing string consisting of dual 
tubing prongs (11) equipped with chevron seals (12) and 
connected to the lower ends of an invened Y nipple joint 
(13). The chevron seals constitute the male mating parts of 
the two pohshed bore receptacles (10) previously mstallcd 
The upper branch of the inverted Y nipple joint (13) is ^ 
connected to a convcntionai tubing hanger (14) which may 
be set hydraulicaliy or by wireline. The tubing string (15) is 
oriented so as to stab the tubing prongs into the female paTLS 
of the two polished bore receptacles. After leak-tcsring of the 
sealed connections, the tubing hanger is set and the wellhead 
IS nippled up using conventional equipment and procedures. 

If the well is not nanirally flowing, artificial lift equipment 
may also be included in Lhe tubing string, such as gas lift 
valves, divcner vaJves, a pump seat nipple, etc. . . in the 
manner which is familiar to those skilled in the an of oil well 50 
completion. 


CASE 2 CTWIN DEVIATED HOLES) 

In Case 2, from a vertical cased wxll drilled and cemented 55 
by conventional techniques, the casing shoe is drilled out 
and two short (ca. 50 ft long) smaller diameter twin dc\'ia:ed 
holes are drilled through the bottom of the vertical well. This 
uses, for instance, a bit (16) driven by a downhole motor 
(17) connected to a bent sub (18), in the type of downhole ^ 
assembly commonly used for drilling horizontal wells (see 
HG. 2). 

With deviation angles of only a few degrees from the 
verticai, the separation between the two boles is only of a 
few feet at the bottom and of a few inches at the top. 65 
Consequently, it may be advantageous in some fonnations, 
to Stan the drilling operation by nrst under-reaming a single 
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largs-diane:cr short hole below the casing shoe, from whica 
the :vr-b smzil-diamc:::: drairuhoks sre thsa sorted, w.± 
oppcs:-^ onsntadons. Several other a\-ailable cscbniqiies ar= 
also razTiiiar to those skiiied in the ar. of dniling oil v, ells 
5 and mzy be used :o achieve the same result. 

Two shoit (ca. 60 n long) intermediHte Ihen (19), (20) 2iz 
ran in and sealed one in each of the deviated holes, i 
csn:inting operadoa uses Fur^ or other icno^n heat- hard- 
ened resin/cen:ent slurries as seal. Ii may be perfbm:cd in a 
'^^ single trip by making-up and running-in at Lhe end ot tnc 
work string an assembly including, as shown in FIG. 2c: 

an inverted Y tubing nipple (13), 

tv-'o spherical seal articulated union joints (21), one a; 
each end of the two branches of the inverted Y nipple, 

two imer releasing tools (22) equipped v>,-ith a tail pi c<, 
one for each intermediate iincr suing. Each tailpipe (23) is 
ntted sviih a cup-type packer (24), which closes the annul ht 
space between liner and tailpipe during cemen: injection and 
-,0 displacement behind the liner, but opens during the revere 
circuladon of mud, for cleaning af^r the liners have been 
released from their rcspecnvc latching tool. Tne cemcn±:g 
string with its two tailpipes is then pulled out, 

FIG- 2b shows in detail the spring-loaded spherical seal 
25 ardcuiated joint (21). 

Afccr *iiis cementing operation, the vertical casing is thus 
licd-m and scaled to each ir^ermcd: ate liner over an ovrriap 
interval of about 10 ft Entry to one of the Hncrs is closed by 
a temporary plug set by wireline and drilling of a drainholc 
30 proceeds through the other intermediate liner, using a bit 
driven by a convendonal downhole motor and bent sub 
assembly 

Aiter reaching total mcasuird depth, a smaller diameter 
liner is rjn-in, hung into the lower part of the intermediate 
liner and cemented at lca5t from the intermediate iiner to the 
staTv of the horizontal segment of the crainholc. An aitemaie 
n^thcd is to use a coiled mbing as drill string and lo abandon 
the bit and motor in the hole, prior to cem.enting it as a liner- 
Gravel packing and/or sand consolidadon techniques may be 
used. Tne lower pan of the liner may be sloped and equipped 
^iuh screens, ckherwisc, this part of the liner may be 
cem.cnted and selectively perforated using known penora:- 
ing guns. 

In view of the relatively small diameter of the iiner 
(tv-picaily less than 2.5 in.), a thin-gauged coiled mbing is 
preferred as iiner. 

The annular space behind the liner may be gravel packed 
first by displacement of a sand slurry, in direct drculadon. 
5Q followed by a reverse drcnlatioQ of the sand slurry. After 
cementing the upper part of the coiled mbing hner, its lower 
pan is mechanically sloaed by mnning through it, on a 
smaller diameter coiled mbing, a hydraulically acmated 
punching tool in which multiple articulated edge-cutdng 
33 wheels (25) or punches are periodically pressed against Lhe 
inner surface of the iincr to punch slots into tne coiled tubing 
liner, thus opering flow paths to the gravel packed annul^us. 
FIG. 2c shows a schematic view of me hydraulic punchmg 
tool- Sand consoiidadon by injection of a suitable thenno- 
senins resm as a mist in a hot gas or stJ^sm or as a suspension 
or foam m a liquid may men be applied to Lhe gravel pack 
and cmss-Enksd to stabilize it, wiuh minimum, permeabihty 
reducnon. 

After removal of the tem.porary plug in the second inter- 
65 mediate liner, the same procedures are used to drill, gravel 
pack, cemen:. and selectively perforate Lhe second drain- 
hole, Lhus comnlering all drilling and tie-in opemrions for 
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both drainholes 

WeU complstion is schieved by make-up, nin-in and set of 
the production tubing stnng assembly, shown on FIG. 2d. It 
consists of a ^Jbing connected to: 

a conventional hanger (14), an invened Y nipple joint (13) ^ 
with each of its two lower branches equipped with a spheri- 
cal seal union joint (21) and a connectortube (26) equipped, 
near its end, mth a conventional packer (27) of the type 
which can be set hydranlically or by wireline. 

The tubing is oriented so that the tail end of each 
connector tube penetrates into the npper part of one of the 
cemented intermediate liners while rotating slightly around 
the articulation formed by its union joint A spreader spring, 
(28) linked to the upper pan of each articulaied tube facili- 
tates its insertion into the corresponding drairiiole liner 

Each of the packers is then set, to tie-in each articulated 
connector tube to its corresponding intennediate liner After 
leak-testing, the tubing hanger is then set and the well head 
nippled up. Again, suitable known artiScial lift equipment 20 
components may have been included in the tubing string, if 
it is expected that the well will not be flowing ax an sconomic 
rate without gas-Iitt or pumping. 

CASE 3 (DEVIATED CASED WELL) 25 

In Case 3, a vemcal well is drilled, with its lower 50 ft 
deviated at the angle required to kick-ofi" a horizontal 
drainhole and oriented in Lhe direction selected for the 
drainholes. A special casing string is made-up, run-in and 
cemented by known techniques into the vertical and devi- 
ated portions of ±c hole. It consits of a shoe, a float collar 
and a special casing joint (FIG. 3) located at a depth slightly 
above that of the start of the hole deviation. This casing joint 
presents an elliptical window machined into the casing wiUi 
a downward orientation of a few degrees from the vertical. 
Tne window (1) is again plugged oft with a drillafale plate (2) 
made, for instance, of a soft metal and shaped to genenliy 
conform with the casing surfaces. The plug is firmly 
attached to the casing by means of drillable fasteners (29). ^ 
Its orientation is also indicated by a vertical dnliabic key or 
groove (30) in the casing joint iimer surface at or near its 
lower end. 

After displacing the cement slurry behind Lhc casing, 'iie 
string is rotated 10 orient the plugged window in the direc- 45 
tion opposite to that of the deviated portion of the hole. Tnis 
is done by marking the window direction on all the uphole 
joints of the casing, up to the rig floor After the cement has 
set, a whipstock drillable packer (31) is run-in and set below 
the special casing joint at a predetermined depth. A retriev- 
able whipstock (32) is then oriented towards the plugged 
window, using uhe casing joint's orientation key or groove, 
fitted in a matching groove or key in the whipstock' s outer 
cylindrical s^^ace. Tne oriented whipstock presents a 
curved guiding surface which matches the depth, width and 55 
onentation of the window, so that a side-tracked hole (33) of 
diameter smaller than the casing ID may be kicked-of by 
drilling the window plug. The hoUowed curve of the whip- 
stock also presents a central alignment groove (34) corre- 
sponding to the lowest point of the elliptical window (1). 
ThQ base of the whipstock is preferably equipped with a 
rubber cup for catching excess cement during later opera- 
tions. 

After drilling out the plug and drilling a side-tracked hole 
through the window, to a depth of about 60 ft, an xnterme- 65 
diatc liner is run-in titrough the window and cemented by 
known techniques. Tne upper end of the liner has been 
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Tnachined as sho^T. on FIG. 3a so as to conform ^ith :he 
izr.zr edge of the ^-iadow (1) and its edge is equipped wi'ii 
on elliptical collar (35) made of crlilabie rneiai. which 
corjorss the inr.sr surface of the casing a; ±e wia- 

j cow's edge. Tne ou'^ surface of the collar is co%*£rsd \vi'j^ 
a rcbber gasket or plastic sealing ziacerlal [36) and the 
lowest part of ths collar presents a key (37) which matches 
the central alignmecC groove (34) in Lhe retrievable whip- 
s:ock, so that the intermediate liner end may be oriented and 

10 raided to provide a closely n^ng contact between the 
dnllabie elliptical collar and the casii:g window's edge, Tae 
intcimediace liner is equipped with a cstnentLng shoe and 
latched to a liner releasing tool equipped v-ith a tailpipe and 
a ct:p-type packer for csmendng by the same technique as in 

15 Case 2. After displacement of the cement slurry behind the 
liner, a ball or plug is dropped to close Lhe shoe and casing 
mcd pressure is increased to nimly apply the drill able collar 
against the inner surface of the casing, while reverse cincu- 
lahon is established through the tailpipe to remove any 

20 excess cement. 

After the cement has sec and the cemecung string has been 
pulled out, the outer saw-tooth grooves (38) of the wmt>- 
stock are latched into an overshot tool equipped with a 
miilmg edge to drill out the elliptical collar (35) and the 

^ whipstock is pulled ouL The supporting whipstcc< packer 
(31) is also drilled out and pulled out with the overshot 
rriliing tool, which also is equipped at its lower end wth a 
suitable padccr-latching device. Tncsc operations leave full 
openings in both the deviated casing and the side-tracked 

30 mtermediaie liner. Both of them provide a Tciatively large 
deviated casing and a slightly smaller liaer to be used as the 
respective starting points of two drainholes, in the same way 
as in Case 2, but the drainholc diameters and tea; of theu 
respccdvc liners may be greater than that of Cases 1 or 2. 

Liner gravel packing, cementation and liner hanging 
respectively ir. ±c deviated casing and in the side-tracked 
mtcrmediate imer may be done eiuher as in Case 1 or as in 
Case 2, depending upon the drainhole diam.eter. 

^ Weil completion is done as in Case 2, except that the nc-in 
of the ardcuiated conneciar rubes may be obtained either 
wim packers, as in Case 2 or with pohshed bore receptacles, 
and seals as m Case 1. 


-5 CASE 4 (STACKED DRAINH0LH5) 

In Case 4 the dramholcs are stacked, one above the other, 
so that me full diameter of the casing is available as a 
strung point for each drainhole. Here again, a special 
casing joint (or joints) now presenting two elliptical win- 
dows at two diSerent depths and oriented with opposite 
bearings, is included in the casing string during make-up to 
nrovide the stardng points of the drairmoles. 

In a hrst embodiment (FIG. 4), the dril lable plugs ciosmg 

55 me windows during mn-m are located at the ends of tele- 
scopic imer smbs (39) oriented downward at the kick-on 
angle (ryijically 2 degrees). Each plugged stub is later 
hvl-aulicaily exterded into an under-reamed poruon (40) of 
me verdcal hole nlled with cement slurry during uhe casing 

cQ cementation, to serve as guide for a bit driven by a downhole 
motor cormeeted to a bene sub in a conventional drilling 
assembly. Each of these two stubs is supponsd during run-in 
and guided during its outwards extension by two mbular 
guides or cages made of drill able metal. One of them (41) is 

65 nxed, it i s artached to the casing by crillable metal fas tenen. 
Tne other (42) is mobile and slides within Lhe nxed cage (41) 
over only half of the stub extension, whale providiiig a 
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canlilevercd sliding intcrrial support to the extended stub. 
Tne upper end of the stub is tsnniuatsd by a drillabie coUar 
(35) 2nd gasket (37) as in Case 3. 

For 7 in, OD liner smbs at a 2 degree angle in a 9Vs in, OD 
casiQg the elliptical casing window would be 200.6 in. by 7 5 
in. For a 30 in, E) reamed cavity, the total stub extension 
length is about 286.6 in. and ±e stub maximuni length is 
about 487.2 in. This is because both ends of the stub are 
machined to conform with the elliptical window, leaving in 
the middle a length of about 86 in. of tubular segment, Tnis .g 
length is sufacient to provide tie-ia both with the cemented 
drainhole Hner and also wth a connector tube liriked to ±e 
tubing. With the vcTucal casing and extended stjbs 
cemented, drilling of the extension guides and other inrer- 
nals leaves two 7 in. OD stubs as pockets from which to start ^ ^ 
drilling the drainholes, using the usual bent sub and down- 
hole motor assembly including the navigation system for 
angle build up and direcdonal control. The first step is to 
drill out the snib's end plug. After reaching total measured 
depth, a Hner assembly is made-up and run-in through the 
stub. Gravel packing and cementing of the uphole Jiacr 
proceed as in Case 1. Tne upper end of the liner is centered 
and hung into the lower part of the stub. It is also tenniaated 
by the female part of a polished bore receptacle. The work 
string is disconnected from the polished bore receptacle and ^ 
pulled out The same operations are repeated lor the second 
drainhole, leaving the well ready for tubing compIeriorL 

The tubing completion assembly, shown on FIG. 4a, again 
includes a tubing hanger (14), an invcned Y nipple joint 
(13), two spherical seal union joints (21). each terminated by 30 
a connector tube stinger equipped with chevron seals (12), 
A bow spring (2S) between the two stingers facilitates their 
entry into the smbs where they arc mated with their respec- 
tive pobshed bore receptacle (10). After leak testing 0: the 
connections, the tubing hanger is set and the well head 35 
nipplcd up, as in Case 3. The bow spring may be compressed 
during run-in and released by a suitable wireline tool when 
reaching the proper insertion depth for the connector tubes, 
This provision is especially useful when simdLaneously 
connecting more Lhan two connector tubes. In another 
embodiment, shopr-n on FIG. 4b, connection of the mbing x> 
the drainholes is by means of telescopic connector tubes 

(43) , These are located in cylindrical cavities (44), con- 
nected to the two vertical lower branches of the m verted Y 
nipple joint (13) a: the kick-oS" angle. The lower end of each 45 
connector rube (43) is equipped wiLh chevron seals (12), 
supplemented in some cases by an end to end spherical 
metal/metal seal (45). A spring (47) triggered from the 
surface by hydraulic or wireline means strongly applies the 
extended connector tube's spherical end against a corrc- 5Q 
sponding spherical cavity forming the bonom of the pol- 
ished bore receptacle (10) to provide this metal/metal seal. 

In FIG. 4c, the connector mbc is locked into its extended 
position, but may be retracted inside the cylinder body by 
shearing off the latch pins (46) with a wireline tool as shown 55 
in HG- 4^ when it is net:essary to disconnect and pull out 
the tubing for a well work-over. The upper end of the body 

(44) is equipped with dogs which bite into the inner surface 
of the casing when the telescopic connector mbe is fully 
extended and pressed against the bottom of the polished bore 50 
receptacle. It will be apparent to those skilled in the an thai 
this is only one of many possible ways of achie\-mg both a 
spring-loaded metal/metal seal and anchoring in the 
extended position of the telescopic tube while providing 
means for its eventual retraction and puU out The invention 

is not limited to the example described herein. 

In yet another embodiment, the casing includes two 
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special jciii3 of tie Vf^ zjsec in Cass 3. icxrst^d one abo^ e 
the other, 3spara::sd by an ir/Lsr/al siincisnc for sealing 2 
packer and me t>*o plugged v-incows oriented in oppos:;e 
directioiis. Again, ai in Case 3, a ciiilabic whipstock: packer 

5 is se: below one of ihe v»-bdow3. The Tsn::evabie whipstock 
is latched iii;o the packer and drilling of the ft-indow and 
side-tracked bole proceeds. A short inrcrraediaxc jiner, as m 
Case 3, is nm-in through the window and cezner:ted. Tzc 
procedure, repeated for both v-indows, leaves ewo side- 

10 tracked interrcediare liners from which me drafnhales zrt 
drilled, and ihcir liners are bang and cemented. A^r drilling 
out the driliable ellipdcal collar of each cemented interme- 
diate liner, the entire casing space is available for installing 
the nibing con:piedon assembly. 

1- Tne pre^-dous embodiments which leave full access to the 
stacked dramhoies also allow to drill, gravel-pack, and tie-in 
any nnmbcr of drainhoies, equipped wiih cemented iiners, 
one above the other, by using as many smbs or intermediate 
linen as thcne are drainholes, 

*° The con^^ingjed production from ali drainhole^ may be 
discharged into an oil sump formed by the casing bciow a 
production packer and pumped to the snnace through a 
single producrion rnbing. Tne pump locanon in the tubing 
may be above the packer, or bciow it in a tailpipe ':x:bizg 
cxcensioo- "With such a simple tubing com.piction assembly, 
the access into each of the drainholcs of logging or dcaning 
tools is obtained by means of a suitable kick-over tool of 
knovr-n design, 

* The tubing completion assembly may also be the same as 
in Cases 2 and 3, which proWdc a condnuous parh from the 
surface to each of two twin d:^iinholcs. and greater opcra- 
donal Scxibiiity. 

Tne C)"pc5 of tubing compledoa assemblies including 
35 telescopic connector tubes or articulated connector tubes, 
described above for two stacked drainholes* are also appli- 
cable to men: than rvr-o stacked crainholes. If the dradnholcs 
are grouped by pairs, connected to a single production 
mbing. the nuniber of parallel tubes in the casing at any 
depth is reduced 10 only three, as shown on FIG. 4^. Tnese 
am: 

the two n^bings connected to the lower branches of the 
mvened Y nipple joint (13), for a given pair of drainhoies, 

the production mbing extension (48) leading to the other 
cirainholc pairs below the Srsi one, 

Tris number m-ay be increased to four if the hydraulic or 
jet pump is located below the lop pair of drairiioies and if 
Lhc mbing carrying the power fluid to the pump is paiailei 
vo-ixh the production mbing, but the number of possible 
s'^ked drainhoies. which is only iimitsd by the casing- 
iength, may be much greater. 

C\S£ 5 (AKHKCLAL UFT) 

55 in ail previous cases, it was assumed that reservoir 
pressure and produced gas expansion are suScient to con- 
vey the production sn^ram to the sur^ce, or at least up nhe 
curved portion of each drainhole [up to 5G0 ft high) without 
excessive reduction of the total pressure draw dov,Ti, so viz: 

60 a single artincial lift system providing sucdon at the base of 
the production tubmg can be used for both drainhoies. Tnis 
may be a convendonal gas-lift valve supplied widi com- 
pressed gas through the casing/'mbing ar^ulus. Conversely, 
the producdon stream may be conveyed to the surface 

66 through the annnius while lift g^s is supplied through the 
tubing, in that even:, a packer tmist be added to the mbing 
hanger, a di verier valve must be included m the tubing above 
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the packer :o convey the production stream to the anntilui 
and a plug rrvdst be located in the tabing beween the open 
diveiter valve and the bottOTn ga5-Un valve. 

Similarly, the cooimingled prod^^ction stream from ho-± 
drainholes nay be pumped to the surface through the tubing ^ 
or through the annulus using knov^n types of pumps. These 
can be mechanically actuated by sucking rocs, by rotaCmg 
rods (progressive ca^-ity pumps) or they can be actuated 
hydiauUcaliy. Jet pumps may also be used as weii as 
electrically driven submersible pumps. Pump selection cri- 
teria and the importance of an optimum depth of the pump 
in the well are well known from those skilled in the an. Tne 
pump may be anchored either in the tubing or in the armnJus, 
depending upon tessrvoir and well conditions, including the 
need to handle gas or sand production. 

It is one of the main advantages of connecdng two or 
more drainholes to a single veiticaJ well :o allow the 
possibiity of using a single pump (49) as in FIG. 5a for ail 
[he drairiioles, thus ledncing capital and operaang costs of 
pumping the production strsain. - 

It will be shov^-n later that uiis possibihty is, however, 
limited in the case of some under-pressured reservoirs. Well 
completion equipment and novel assembly procedures ha\e 
been developed to extend the possibility of usmg a single ^ 
pump by locating it, as in FIG. 5b, below the drainholes 
kick-on pomts. Finally, special equipment and methods are 
described for the installation and use of a punip in each 
drainhole, if necessary, as in FIG. 5c. 

Tncse considerations on artificial lift are equally appli- 30 
cable to new wells and to the re-entry into an existing casing, 
to vertical as well as to de\'ia:ed cased wells. 


C:ASE 6 (FLOW THROUGH A SYPHON-} 

35 

In under-pressured rcservoL-s containing low GOR oil, 
reservoir energy may be insu^cieni to convey the produc- 
tion stream up to a pump or gas lift valve located above the 
kick-off points of Lhe drainholes. The difference in elevation 
between such a pump and the fluids entr>' points in the 
horizontal part of the drainholes is greater than the dmin- 
holes radius of curvature, which may be up to 500 fL In 
addiaon, there are sigmhcant friction pressure drops through 
the horizontal and curved pordons of small -diameter liners, 
which may reduce the calculated net fiov^mg fluid head a: 45 
the pumip (49) inlet to a value below the required minimum 
KPSH of the pump. This indicates that cavitation is likely to 
occur in the pump, with highly detriruenuil erosion eSects 
and a reduced flowrate. To alleviate this problem, flow from 
each drainhole may be directed to an oil sump (50), with the 5Q 
pump taking suction at or near the bonom of the sump. The 
top of the sump is closed by a packer (51) a short distance 
above the highest kick-off point. It constitutes the apex of a 
kind of syphon (see FIG. 6) for each drainhoie. For very low 
GOR oil, frequendy present in imder-pressured raanire res- 55 
ervoirs, the flowing pressure at that point may still be well 
above the bubble point of the production stream, so nhat the 
nsk of cavitation and break-up of the de-celerating liquid 
stream at that point is much less than it would be in a pump 
at the same location. The flowmg pressure at the apex, plus 
the liquid head in the sump, provide a pump suction pressure 
exceeding the minimum NPSH required, thus eiiminadng 
the risk of cavitation in the bottom pump. 

Instead of a pump, an intermittent flow gas lift system 
may also be used for the same purpose, in this known 65 
system, a gas piston hfts an oil slug up the mbing after the 
standing valve at the bottom has closed. Tnis is equivalent 
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:o a 'ocarz p Jizp, y^: —ore ccisrzr/. of sa:nc prociicnon. 

Tz2 dnllizg ar.c re-h equip— ;ric 2ad prccsdursi ars lzs 
saz:e as in Caie^ 1. 2, ar^c 4, excepc Lna: a su-p is dnllec 
and cased vsmcaliy bt!ow the lov^es: tac'-c-og" point. In 
5 Cases 1 and 4, ihz: surip rr.ay be crsaied by placing cie 
speaai casing join: well above L^e casing shoe. 

For the C^e 1 coringura'uoc, -he casing join: shov^^ 
previously on FIG. 1 is n:cdined as folio ws: 

1) Tne chreaced small hole (7) in nne boaom rra -^hip- 
*^ s:ocl< of Case 1 is ex:ended b^low wich a cnilpipe whic?. is 

used nrst to bring the cemen: slun-y Co the shoe, durlr.^ 
casing cementation Tne bo:io:n pau of Lne tail pipe also 
mciuccs a pmnp laiching lIddIc joLnt. 

Tne 'dnreaded snmi] hole is also exrended above wiuh tne 
fen:ale par. of a polished bore rscepcacic lo later rscei\e a 
oibing stinger eqnipped with chevron seals, so as to extend 
Lie '^pipc up'A-ards by a production tubbg iJrongh a 
sealing connecuoa. 

2) Tne smooa bore second sn:ajl hole is drJied through 
±c bcriom v^rapsiccic, :o pro^nde a Sow path for the pro- 
duced nnids in:o the cd siunp below iL It raay be supple- 
mented v.nih other small holes to provide a sn5cicntly large 
cross section for the low velocity- liquid i^ow b the down- 

^ ward leg of ine syphon, 

Tne polishex: bore receptacles terminating the cemented 
drainhoic lines may be ormried, the large vcrJcaJ holes 
providrng a narural gmne for ir.scrting logging or clearnng 
tools into the liners. 

30 Lnaddinon,Lhen:bing completion assembly is modincd to 
consist of: 

a) a producnon mbing, 

b) a duai snng production pac!<cn with a retrievable plug 
in iis short snng, Tne maun purpose of that stnng is to 
provide evenmaJ access to the sum.p for inserting logging or 
cleamng tools unto the dramholes below uhe packer A 
secondary purpose of the short sming is lo provide a pump 
by-p^s now pach v-aich may be pcriocacaily opened :o Ic: 
any gas acnumulaiion below ±z p2ci<er escape upwards by 
buoyancy. v,h:ie re-nlimg me sumip with de-gassed bquid 
nnm. above tin; paci<er to maintain continuity of the hqmd 
stream tlnrough uie syphon. Pcnocic gas purging opera:jons 
may be automaucaily controlled from the surface. For tiiat 
purpose, the r:nievabie plug in the shorL su-mg is Ln fact a 
coaventional wireime mrievaole subsunacc safety V2l\z 
(FIG 6c), m a ncmcaily closed posidon but operated by 
•mown hydraulic or electrical means whenever the presence 
of a small gas cap is detected below the padcen Detccdon 
means cnay be direct, usmg ioiowii liquid level sensors or 
indm=ct, by continuous morutoring of the pump emciency. 
Continuous gas pur^g may o±erwise be obtained by \ishg 
a wireline plug including a permsclective membrane (52), 
which allows continuous diffusionai gas mjgration upwards, 
un acr a gas pressure gracicn: across the m.embrane, created 
by a retrievable vcnmn (53). located at the exit of the 
proGuction Ujbing into be larger cross section of the casbg 
annular space. Tr.e m.emforanc also prevents liquid dow 
do'^^r.wards (see FIG. 6b). In this system., be energy sun- 
plied to be pum^p serves tnree purposes: 

1) to rning be gas-free liquid stream from, be pump to a 
point above be packer, and 

2) to operate a son of gas ejector pum.p to re-mix be 
produced gas wrb be liquid sream in be casbg/mbmg 
annuius, above be nadcen 

3) to lift be muxed liquid and gas stream up be casing/ 
rubmg annuius to be separator 
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Suitable pennseiective plug materials include, be; art not 
limited to: charcoal, agglomerated caitxsn black, com- 
pressed pondered mineral adsorbents, asbestos felt, etc. . . 

Tne long string, in the dual string packer, extends below 
the packer with a stinger equipped with chevron seals which - 
is stabbed into the polished bore receptacle threaded into the 
top of Lhe small hole (7) of the modified novel casing joint, 
thus providing a connection from the production tubing to 
the tailpipe, in which a pump is set. 

A rod string or a power fluid tubing string is then inserted 
from the surface within the production tubing and connected 
to the pump. 

In this configuration, the fiow froin both draiimoles is 
discharged into the sump below the packer and flows down- 
wards through one or several holes in the whips tock, to 
reach the pump inlet at the bottom of Lhe tailpipe, to be 
discharged, at a higher pressure, into the production tubing 
and from it to the casing aimulus leading to the surface. 

In cases where the cased well ctBucnt flows into a very 
low pressure separator, the packer may be omitted if the 
producdon tubing extentis to the surface, so that any gas 
coming out of solution at the apex of the syphon firsely 
accumulai^s in the casing/tubing annulus, forming a low 
pressure gas cap extending up to the casing head. Gas 25 
purging of the casing to maintain the gas cap at the reqiured 
low pressure is then ai:compiished through a conventional 
gas re-mixing valve at the surface, upstream of the low 
pressure separator inleL 

In the configuration of Case 2, after drlLling and tie-in of 30 
the twin drainholes, a third hole is drilled vcrticaJly and i3 
liner is cemented to provide the oil sump. Toe tubing 
completion assembly now consists only of a production 
tubing, a dual strmg packer with its short sning again closed 
with a retrievable gas-purging plug and the production 35 
mbing and pump extending below the packer for ir^rtion 
into the sump. 

Ln the configuration of Case 4, Lhe casing now extends 
below the special joint (or joints) to form the oil sump. The 
rubing complenon assembly is the same as above: a pro- 
auction tubing, a dual string packer with its short stnng 
temporarily plugged off and the production mbing extending 
below the packer, s>»ith a bottom pump. 

CASE 7 (DU.AL PUMP^^'G) ^5 

In low pressure reservoirs containing relatively high GOR 
oil, the risk of cavitation at the apex of the syphon may be 
£00 great, so that the use of a syphon is no longer possible. 
In some very heterogeneous reservoirs, it is also possible 55 
thiat the productivity indices of the two drainholes are widely 
difi^erent. In those cases, it is preferable to equip each 
drainhoie with its own pump sized to maximize total oil 
production. The same is true if one of the drainholes is more 
prone to gas coning or water coning than the other. 55 

Progressive cavity pumps driven by rotating rods and 
hydraulic or jet pumps driven by power fluid operate sads- 
factorily in highly deviated wells. A pump anchor nipple 
joint is included in the liner string, at the selected depth m 
the cuTN'ed portion of each drainhoie. The production tubing 60 
diameter must be increased to provide space inside it for the 
power fluid tubing strings or for the rotatmg rod strings. 
Another aitemative is to insert the power fluid tubing or Lhe 
rotating rod string into the drainhoie liner through a side 
entry in each of the lower branches of the inverted Y nipple 65 
joint. In that case (see FIG. 7), a short conduit (54) leads 
DTOm the top of the tubing hanger (or packer) to the side entry 
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poize -.0 fadlitzie ±t ins^nion o: ±c power f.u:d rjbirg o: 
red sri::g rom ue irj:i'-iI'J3 space ir.:o -Lh= craizhoic luic:. 
Txu3 r^q^-drcs ccrrrsp-onding modizcadoas of uie Y nipple 
joir.: (13) and of ±t robing hanger (14), or pac'^ccr (51) 

5 

CASE 8 CmTF AKD PUFF' MODE OF 
OPER.-\TION0 

In heavy od rcicrvoirs, i: is advantageous co operaie die 

10 twin drairdnoles in sequendal "h'af and pur" steam injector, 
in which one drainhole is under injecdon while d:e other ii 
under prDdncaon. For surface- generated steam, the produc- 
don tubing may be replaced by an insula'^d steam nubing A 
cownhole thjree-way rcrievable valve of die type described 

15 aijd claimed in U-S. Pa:. No. 5.052,^32 is recuirrd in e^mi 
[owe: rnbing branch below the invcnsd Y ripple joint, i tns 
is done (FIG. 8 and &i) by adding a valve nippie joint (55) 
in each branch wii its conrol hydmuiic line (56). snapped 
on the outer surface of the insidated steam, mbing (57), In iis 

20 axial full opening oosiuon. the valve conveys steam from me 
cubing to the corresponding drairiholc. In its sice opening 
position, tne valve discharges the prodncdon stream frotn 
±t drainhole hncr into ±z casing annulu^ space. From dirre. 
die uTOCuced duid may be pum.ped co the surface or gas- 

ZS lifted 

The same well complcdon r^-pc is also app Li cable lo 
reservoirs suDjcc'^d to "hiin and puS" injecdon of solvcc: 
gases. ruch as COZ which are faiown lo also reduce oil 
\iscosi:>', but to a iesstr dcgnte than steam injccdoa In such 
cases, aruncial lift of the produced duids may be unneces- 
sary. 

If the reservoir pressure and/or produced GOR arc sum- 
dcn: to brmg mc oil up to die idck-on pom: of each 
drainhole, die pump is hung in the annulus casing/steam, 
tubmg, above die jdck-off points. 

If, however, die heavy oil res=r\'Oir is also under- pres- 
su-'rd, as, for instance in California's Midway Sunset Held, 
tnc pump may be located at die bottom, of an oU sump as m 
Case 6 or It may be locaLcd v.-imin each draitdjolc liner as in 

''^ Case 7. "Hie tubdig compledon will be modified accordingly, 
as will be showT. later. Tnc type of pump used in diat case 
must adow easy disconnccdoa from its scat, when die 
dramhole is switched ironi the producdon mode to die 
mjccdon mode. For this reason, jet pum.ps, hydraulic pumps 
and progressive cavirj^ pumps are preferred in that case. 

For under-pressured heavy oil reservoirs in which die 
drainhole producnon flows through a sj-phon (Case 6). die 
mbing commledoQ assembly in which telescopic or amcu- 

5Q lated cormector mbcs are used to connect dnc steam mbmg 
to die drairdioles, the packer miay be a thnxe or fo^ur string 
p2cker. depending upon the location of theinvened Y nipple 
joint wiisi respect to the packer. Widt the Y nipple joint 
below die packer, only d^xee strings are connected to die 

<5 bonom. face of die packertthe upper branch of the Y. tne 
production tubing extending into die oil sump and the snor; 
stnng wrdi its renevable plug. To increase die packer denC:, 
and, correspondingly diat of die apex of the syphon, die 
inveued Y nippie jomt is located above a four snnng packer, 

^ m which two* of die srings axe connected to die lower 
branches of die inverted Ydic third string is connected to die 
producdon tnbmg extending into the oil sump and die fourdi 
strdig 13 the temporarily piugged-ou pum.p by-pass. Tnc 
uroducdon mbing may end just above die packer wnmout 

55 reaching die sunace, if die prtxiucdon stream dows dirough 
the casing'^steam tubing annulus. 

Widi steam, generated dowmhole, togedner widi permanent 
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gases fCH4, H2) using the equpment described and cl aimed 
in U.S, Pat. No. 5,052,432, i; is prefet^le to iajQct ±^ sceam 
and gasss through ths side opening of lbs downhole three- 
way valvs into one drainhola, while conveying the produc- 
tion stream from the other drainhole to the central produc- 5 
tion tubing through the axiai full opening of its downhole 
valve. Tne equipment and procedures for drilling, gravei 
packing, cementation, tie-in of muitiple drainhoies and for 
their nibing completion, previously described, are also appli- 
cable with some minor modifications which will be indi- 
cated later. 

Il will be apparent to those skilled in the art of oil well 
design that it is not possible to cover all the siOiations 
encountered in all reservoirs, because of their infinite diver- 
sity, but that the equipment and procedures described herein ^ , 
lend tbenselves to a very large number of combinations aiid 
permuDiions, which are capable of addressing most situa- 
tions in which multiple horizontal drainhoies may be advan- 
tageously used Such combinations and permutations^ which 
are obvious to those skilled in ths art, do not detract from the 
spirit of the present invention and are included in it. ^0 

RE-£>rniY INTO AN EXISTING CASED WELL 
OVORK-OVER) 

Tbe cost of drilling and cementing the vertical cased v^ell 
is a large portion of the total cost of a well presenting the 15 
general configurations described above, Re-enny into an 
existing cased well for drilling, gravel-packing, cementaaon 
and liner tie-in of multiple drainhoies is a cost-effecdve way 
of increasing productivity. 

If the existing cased well already presents a suitable 30 
deviation for the use of Case 3 procedures, the absence of a 
pre-established window in the casing stnng may be rem- 
edied by milling a side-track window using available tapered 
mills guided by the novel retrievable whipstock latched in a 
driilablc whipstock packer set slightly above the dcvianon 35 
depth. Tnc procedures and equipment, otter than ths special 
casing joint, are then the sarr.e as in Case 3, provided that 
kcown do^^-nhole orientanon surveying methods are used to 
remedy the absence of prc-dercnnined alignment keys or 
grooves in the casing. 

In most fields, however, the existing casing will be 
essentialiy vertical, so Cases 1, 2, 4, 6, 7 and 8 will be more 
rcIevanL 

CASE la (TV^TN "WTOPSTOCK INSERT) 

The procedures of Case 1 may be used if a twin whipstock 
insert of diameter less than the drift diameter of the exisring 
casing is run-in, hung in the casing and cemented at the 
selected depth above a plug permanently set in the casing. 
Tne oriented insert (FIG. 9), is held by a known packer/ 
hanger (58) set hydr^ulicaliy or by wireline tools. The 
hanger's slips are preferably located in the lower part of ±e 
insert below the drainhoies so as to avoid any interference 
with them. Here again, elliptical windows will be milled in 
the existing casing using tapered mills guided by ths twin 55 
whipstock (3). 

In another embodiment (FIG. 9a), the hanger slips are 
located above ths tv*'in whipstock, so that the casing nay be 
entirely mUied over the depth interval of ths windows, 
covered by the twin whipstock (3). 60 

CASE 2a CnVTN DEVIATED HOLES THROUGH 
MILLED CASING INTERVAL) 

The plugged casing is milled over an interval sufficient to 
drill the sidetracked starting holes of Case 2 (HG. 9a]. 55 
Starting of the holes with a bent snb/downhole motor 
assembly may again be facilitated by first under-reamiag 


16 

v-ork VTOC^zds as m Case 2, using ±t 32r::e squipnsnc, tools 
ar.d procscuTss Ic ^.-ill be apparen: ;o iose skilled in the irt 
ihac uhe use of colled rjbmgs as liners 2iid *iieir subsequec; 
5 ia-sira mechanical slotting ars equally apcucable eg anv 

CASH 4a (STACKED DR.AINK0LE3 IX MUXHD 
CASING) 

13 

Trie exisiiiig casmg is milled out and the hole is under- 
rsanisd to a diameter of aboa: 30 ui. over chs depdi in;er\'a:s 
ccrresponduig respectively to each drainhole scan. A casiag 
paich is then mn-n: and fastened to the casing by oeans of 
J 5 hanger slips (59) above and below the lower railled-ou: 
interval. This embodimcct is 5hov.-ii on FIG. 10. 

Tnc casing patch presents close simiiaiides with the 
special casmg joint or Case 4, except iha: iLs ouLside 
diameter must be less Lhan Lhc diifi diameter of the existing 
20 casing and mat its ou:er suriace, opposite the plugged 
telescopic stub (39) is now covered by an cxiemal rubber 
packer (60), which^ when iidated with cement slurry 
entirely nils the reamed cavic>'. A suitable dc\'ice including 
shearing disks also allows to injea the cement slurry in ±e 
15 two overlap (61) annular spaces between casing and casing 
pan:h hangers (14) above and below the cement-filled blad- 
der, dunng 'die hydraulicaJIy-conrroIlcd extension of Lhe saib 
in:o the slurry Blmg ihc rubber bladder As in Case 4. the 
sa:b (39) is supponed and guided during its extension by a 
30 axed s;uiding cage (41) ar.d a mobile inner guide (42) wincn 
penetrates only half way outside the casing. Added support 
and guidance is also provided by several cables (62) 
attached to the rubber wall and pulled under hydraulically- 
ccntroUed tension from a drillablc drum (63) through 
35 inclined holes (64) in the casing patch wall, at vanous 
locanons around Lhc machined edge of me cUipcical w-r.dow 
(1) through which the sDub is extended. 

\Mth Lhe rubber bladder fully inflated and pressed agains: 
the reamed canity wall (40). the taught cables provide 
additional gmdancc and suppor. to the stub (39) in i:s fully 
extended position. The chillablc guides and oie tail-end 
dr21ab:e collar (35) of the snib arc drillsd-out after the 
cement has scl This restores the vcrdz^l cased well to a 
diameter equal to that of ^hc casing patch drift dianr.ctcr. 

A second casing patch is run-Ln, onented, hung and 
cemented, with full exter^sion of the second srub into the 
upocr reamed interval, thus trrovicing the start for the second 
drainhols. 

Drilling, gravel packing, liner hanging and cemendng 
procedures for both drainiiolcs are identical with those of 
Case 4. The rubmg corapiedon assembly equipment and 
procedures are also the same. 

rr:e embodiment o: Case 4 in which tie-in of the drain- 

35 holes is by means of intermediate hners insened and 
cemented in side-tiacked holes drilled through eliipdcal 
windows by guiding the bit wi'ii a retrievable whipstock se: 
in a drlHablc whipstock packrr may also be adapted. The 
absence of pre-cstabhshed w-mdows plugged vd± driUable 
metal may be remedied in several ways. 

Tne nrst me*mod calls for milling each eliipdcal wdndow 
into the existing casing with a tapered mill guided by a 
suitable retrievable whipstodc The whipstock required to 
mill the lowest wdndow and to drill and complete Lhe lowest 

65 dr^nole is set and oriented in a packer, as in Case 2a Tne 
whipstocks used to null the other v-iadows may then be 
stacked, each into Lhe adjacent lower wmpstock and oriented 
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n:3pe-c: :o ii by ir.ssiting in:o i; niuirpU rrcngs, in a 
way siniilHr :o lI''^ used for Lhc top whipstock of Case 1. T^s 
order in v,-hich stacxsd hoies are dniitd and compietsd may 
be eiihsr frDn the bonon: iip or frozi Lhs cop do^-z. In an 
alterr^a ve procedurs, the 5upporing packer is r=::a5ed arer i 
compleuor. of sach hols or drainhole and successive'.y reset 
and re-orisrii^ at a difcrsnt depth for sach of ths other 
holes or drainhole^. Again Lhe wfaipstodcs are handled by 
appropriate overshot latching tools, prsfetafaly equipped 
with end miiling cutters to remove any protruding obstruc- lO 
tion. 

Tht second method again uses a special casing natch, 
shosvn on HG. U, with an open eliipticai window (65). Tne 
casing parch is sec in the casing by slips above and below En 
interval over which the casing was milled ouL The casing 
patch includes a pre-orienied whipstock packer (31) in its 
losver pan. It may also be run-in with the retrievable 
whipstock (32) already in place. Aiier setting the hanger 
slips (14), the drilling bit and drill string, guided by the 
whipstock through the open eiiipncal window, are used to 
drill the side-tracked hole and ooeranons continue as in Case 
4. 

Tnis is the preferred embodiment for deep wciis, because 
it provides the largest diameter dminholes, for the rrinimum 
casing diameter, provided that cementation uroblcms are not 
likely in the type of formadon existing at the drizirmoles 
kick-off points. 


CASE 6a (FLOW THROUGH A SYPHON IN 
EXISTING C--\SrNG) 

The existing casmg. svhth it^ pert orations plugged qg, 
consdtutcs the oil sump required as the dov-mwards leg of ths 
syphon (see FIG. 11). Tnc production tubing must extend to 35 
the bottom of tne 5umn, where the numn is located, as ir. 
Case 6. 

Miitng. gmvcl ^Z£jd:i%, ne-in and ccnicr.tmg of the 
drainhoies may be obtained by any of the memods described 
in Cases la ^ and 4^ -10 

For instance, the twm whipstock used m Case la includes 
a rlow-uhrough hole connected to a tail pipe (66) zcLLi^xxd 
v,ri: a pum.p receiver nipple joint (67) at the bottom, Tns 
upper face of the hole also ser^'cs to receive one of the 
alignment pins (8) of the retric-vable top whipstock. This 
hole is also Lrrmmated by a polished bore receptacle (10) in 
vi'rdch the production rubing sringcr, equipped v,iih che%Ton 
seals, vrill be stabbed nrior to setting the nackcr, as in Case 
6. 

Tnc only difcence is that a casing patch is now used 
instead of a special casing joic:. Hangers (14) are used 
instead of tircaded connections. 

Tne tubing complerion assembly and its instillaticn pro- 
cedures are identical uith those of Case 6. 

Using the drainhole drilling and tie-in method of Case 2^ 
the only mocifcanon required is the drilling of a vertical 
hole through th= cement and driUabie casing plug artcr 
cementation of tie two intermediate Uners, to provide access 
into the oil sump through which the production tubbg vrill 5^ 
be inserted, Ttic tubing completon assembly of Case 6 is 
simplined because the tail pipe tennir-aied with it5 piimp 
anchoring nipple joint is thn^cd dimctly mto the bottom 
face of the dual string packer. 

Tne drainhole drilling and de-in procedures of Case 4<2 o5 
remain unchanged, but the tubing completion assembly is 
the sam.e as in Case 6. 


